A gauge model with chiral color symmetry is considered and possible effects of the color G ′ -boson octet predicted by this symmetry are investigated in dependence on two free parameters, the mixing angle θ G and G ′ mass m G ′ . The allowed region in the m G ′ − θ G plane is found from the Tevatron data on the cross section σ tt and forward-backward asymmetry A pp FB of the tt production. The mass limits for the G ′ -boson are shown to be stronger than those for the axigluon. A possible effect of the G ′ -boson on the tt production at the LHC is discussed and the mass limits providing for the G ′ -boson evidence at the LHC are estimated in dependence on θ G .
The search for new physics beyond the Standard Model (SM) induced by higher symmetries (such as supersymmetry, left-right symmetry, etc.) is one of the modern research directions in elementary particle physics. The Large Hadron Collider (LHC) will allow the exploration of the existence of new physics at the TeV energy scale with very large statistics [1] . Top physics is a very promising place to look for new physics effects [2] and a top factory such as the LHC is expected to be a goldmine for studying the SM as well as beyond the SM physics [3] .
There are models extending the standard color gauge group SU c (3) to the group of the chiral color symmetry
which is assumed to be valid at high energies and is broken to usual QCD SU c (3) at low energy scale. Such chiral color theories [4] [5] [6] [7] in addition to the usual massless gluon G µ predict in the simplest case of g L = g R the existence of a new color-octet gauge boson, the axigluon G A µ with mass m G A . The axigluon couples to quarks with an axial vector structure and with the same strong interaction coupling strength as QCD. It has a width Γ G A ≈ 0.1m G A [8] . Since it is the colored gauge particle with axial vector coupling to quarks, the axigluon should immediately result in the increase of the hadronic cross section and in the appearance of a forward-backward asymmetry of order α 2 s [9] . The CDF data on the cross section of the dijet production at the Tevatron [11] exclude at 95% C.L. the axigluon mass region 260 GeV< m G A < 1.250 TeV and the Tevatron data on asymmetry sets the lower mass limit for the axigluon at m G A > 1.2, 1.4 TeV [9, 12] .
The massive color octet with arbitrary vector-and axial-vector-quark coupling constants has been considered phenomenologicaly in ref. [13] . But it is also interesting to consider the color octet as the gauge boson induced by the chiral color symmetry of a general type.
In the present paper we consider the color-octet boson induced by the gauge chiral color symmetry (1) in general case of g L = g R . We calculate the possible contributions of this boson to the cross section and to the forward-backward asymmetry of the QQ production in pp and pp collisions in dependence on the free parameters of the model. We compare the results with the Tevatron data on the tt production and discuss a possible effect of this boson in the tt production at the LHC.
To reproduce the usual quark-gluon interaction of QCD the gauge coupling constants g L , g R of the gauge group (1) must satisfy the relation
where g st is the strong interaction coupling constant. The basic gauge fields G 
where
The symmetry (1) can be softly broken by the scalar field Φ αβ , which transforms according to the (3 L ,3 R ) representation of the group (1) and has the VEV Φ αβ = δ αβ η/(2 √ 3), α, β = 1, 2, 3 are the SU L (3) and SU R (3) indices. After such symmetry breaking the gluons are still massless and the G ′ -boson acquires the mass
The interaction of the G ′ -boson with quarks can be written in the model independent form as
where v and a are the phenomenological vector and axial-vector coupling constants. The gauge symmetry (1) gives for v, a the expressions
So, in the general case of the gauge chiral color simmetry (1) the mass of the G ′ -boson is defined by expression (5) and the vector and axial-vector coupling constants of G ′ -boson with quarks (in contrast to phenomenological approach of ref. [13] ) depend on one parameter θ G which is defined by the gauge coupling constants g L , g R satisfying relation (2). This circumstance reduces the possible region of the parameters v, a, and allows the possibility of studing the phenomonology of the G ′ -boson in more detail in dependence on two free parameters of the model m G ′ and θ G . In the particular case of g L = g R θ G = 45
• , v = 0, a = 1, the G ′ -boson coincides with the axigluon. In the general case of decreasing θ G , the coupling constants increase according to (7) so that, for example, for θ G = 15
• , 10
• the pertubation theory parameters take the values α s v 2 /π ≈ α s a 2 /π ≈ 0.14, 0.3 respectively. In further considerations we restrict ourselves to the mixing angle region 10
• . The hadronic width of the G ′ -boson can be written as
is the width of G ′ -boson decay into QQ-pair. In the case of neglecting the masses of light quarks (except t-quark) the result (8), (9) agrees with that of ref. [13] .
Using the coupling constants (7) from (8), (9) we obtain the next estimations for the relative width of G ′ -boson
• respectively. Since it is a strongly interacting particle, the G ′ -boson can give significant contributions to the production of quark-antiquark pairs in pp and pp collisions. The differential partonic cross section of the process→ QQ considering the G ′ -boson and gluon contributions within the tree approximation has been calculated (in agreement with ref. [13] ) and can be written as
2 Q /ŝ), c = cosθ,θ is the scattering angle of Q-quark in the parton center of mass frame,ŝ is the invariant mass of QQ system, β = 1 − 4m 2 Q /ŝ. Integration of (11) over the angle gives the corresponding total cross section in the form
In tree approximation, the G ′ -boson does not contribute to the gg → QQ process of QQ production in gluon fusion. The differential and total SM partonic cross sections of this process are well known and have the form
Taking into account the parton densities and the values of the β parameter in (12) one can see from (12) that the contribution of the G ′ -boson to QQ production is most significant for tt production. The tt production is well studied at the Tevatron and the recent CDF result for the tt production cross section is [14] σ tt = 7.0 ± 0.3(stat) ± 0.4(syst) ± 0.4(lumi)pb.
We have calculated the cross section σ(pp → tt) of tt-pair production in pp-collisions at the Tevatron energy using the parton cross sections (12), (14) and the parton densities AL'03 [15] (NLO, fixed-flavor-number, Q 2 = m 2 t ) with the appropriate K-factor K = 1.24 [16] . The allowed region in m G ′ −θ G plane (the unshaded region) which is compatible with data (15) within 2σ is shown in Fig.1 , the 1σ region is marked by the dashed line. From Fig.1 and by comparing the calculated cross section σ(pp → tt) with CDF result (15) we find that the G ′ -boson with masses [12, 17, 18] . From (11) we find that the G ′ boson induces a forward-backward difference in the→ QQ cross section of the form
As seen from (17) in dependence on the valuesŝ, m 2 G ′ and v, the G ′ boson can give a contribution to the forward-backward asymmetry A pp FB in pp collisions, which can take positive values as well as negative ones. Concerning the gluon-gluon fusion, one can see from (13) that this process does not contribute to forward-backward asymmetry of the tree level.
The forward-backward asymmetry of top quarks has been measured at the Tevatron. The latest CDF analysis [19] based on 1.9 f b −1 integrated luminosity gives
Using (11) (or (17)) and the parton densities one can calculate the forward-backward asymmetry A pp FB in dependence on m G ′ and θ G . The allowed region in the m G ′ − θ G plane (the undashed region), which is compatible with data (18) within 2σ is shown in Fig.1 . The border of the allowed 1σ region is shown by the dashed line. One can see that the 1σ region allowed by A FB data (18) is excluded by the cross section data (15) . Nevertheless, there is a region in the m G ′ − θ G plane that is compatible with the data (18) and (15) for θ G = 20
• is compatible with data (18) and (15) simultaneusly within 2σ. The first value in (19) is close to the known mass limit for the axigluon [12] resulting from the A pp FB data whereas the other values in (19) and (20) are the new mass limits for the G ′ -boson resulting from the data (18) and (15) simultaneusly in dependence on the mixing angle θ G .
In pp collisions at the LHC thefluxes are essentially smaller than the gg fluxes, and tt production is dominated by the contribution from the gg initial state. However, by increasing the tt invariant masses this dominance becomes to be less significant and it is reasonable to search for the G ′ -boson through its effect on the tt invariant mass distribution. The large number of top pairs expected to be produced at the LHC (8 million pairs for 10 f b −1 integrated luminosity) makes a study of such a differential distribution meaningful.
Using the parton cross sections (12) , (14) and integrating them with the parton densities [15] over the final t quark rapidity y, we have obtained the tt invariant mass distribution dσ s (pp → tt)/dM tt , which can be expected at the LHC when taking into account the G ′ -boson contribution. The background distribution dσ b (pp → tt)/dM tt is obtained analogously but by neglecting the G ′ -boson contribution in (12) . The former distribution exceeds the latter one and has the peak from the G ′ -boson defined by the mass m G ′ and width (10) of the G ′ -boson. To distinguish the signal and background events we use the significance estimator [20] 
where N s and N b are number of signal and background events in the tt invariant mass region m G ′ ± ∆M. These numbers can be calculated as
where L is integrated luminosity and the integration mass region ±∆M is chosen to maximize the significance estimator S. Below we take ∆M = 1.28 Γ G ′ , which corresponds to the 3σ width in the case of a Gaussian distribution. We have calculated and analysed the integrated luminosity which is necessary for the evidence of G ′ -boson at the LHC. The integrated luminosity at 3σ significance (S = 3) in dependence on G ′ mass for different θ G is shown in Fig.2 . From this figure we find that for θ G = 45
• , 30
• , 20
• , 15
• the G ′ -boson with masses m G ′ < 6.5 T eV, 7.0 T eV, 7.9 T eV, 9.8 T eV
can be evident in tt events at the LHC at integrated luminosity L = 10 f b −1 with 3σ significance and expected numbers of signal (background) events N s (N b ) = 3.2(0.4), 3.1(0.3), 3.9(0.7), 7.0(3.6) respectively. The first value in (23) corresponds to the case of the axigluon.
It should be noted that the chiral extension (1) of the usual SU c (3) color symmetry and its unification with the electroweak symmetry by the group G c ×SU L (2)×U(1) naturally extends the Higgs sector. For giving the masses to the up and down quarks and to the leptons one needs two scalar doublets (Φ (5), (20) we find that the VEV of the chiral color symmetry breaking η 0 can be relatively small, η 0 800 GeV .
Because of the decomposition (3 L ,3 R ) = 1 SUc(3) + 8 SUc(3) the multiplets (Φ It should be noted that scalar octets of the different origin are predicted also in a number of models [21] [22] [23] [24] [25] [26] [27] . Since they are colored particles, the color scalar octets due to their interactions with gluons can be produced in pp collisions and the phenomenology of such particles at the LHC is under active discussion now [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . As concerns the field Φ (0) 0 its real part χ (0) 0 after the chiral color symmetry breaking acquires the mass of order of η 0 whereas the imaginary part ω (0) 0 is still massless in the tree approximation and in the unitary gauge is not ruled out by a gauge transformation. The features of these new fields will be discussed in more details elsewhere.
In conclusion, we summarize the results found in this work. The gauge model with the chiral color symmetry of quarks as a possible extension of the Standard Model is considered, and possible effects of the color G ′ -boson octet predicted by this symmetry at the Tevatron and LHC energies are investigated. The hadronic width of the G ′ -boson and the G ′ -boson contributions to the cross section σ tt and to the forward-backward asymmetry A pp FB of tt production at the Tevatron are calculated and analysed in dependence on two free parameters of the model, the mixing angle θ G and G ′ mass m G ′ . The allowed region in the m G ′ − θ G plane is found from the Tevatron data on σ tt and A pp FB . The mass limits for the G ′ -boson are shown to be stronger than those for the axigluon due to the specific dependence of the G ′ -boson coupling constants on θ G . A possible effect of the G ′ -boson on the tt-pair production at the LHC is discussed and the mass limits providing for the G ′ -boson evidence at the LHC with 3σ significance at the integrated luminosity L = 10 f b −1 are estimated in dependence on θ G . 
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